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BUMlCASy . . 



-..A press^te-dlstrl'bulilon -Ijavestlgatlon has "been oon- 
dueted In t]ie"NAGA 4- "by 6~fog^t vertical wind tunixel to 
deternlne the 'air loads on an'alrfoll with a 22il-pero«nt- 
ohord balanced split flap. Pressures were measured on 
"both the upper and the lower .surfaces of the airfoil and 
the flap for several angles of attack and for several 
flap deflections. 

The data* presented as pressure diagraas and as 
graphs of the section coef f i clent s . f or the airf o-ll-f lap 
' coiHil nation and for the ' fla$' alone , are appllcahle to the 
' structural design of an ELlrfoil with a halanoed split 
.flap.' .'Th'e results of previous tests of an airfoil with an 
external-airfoil flap', a Powleir flap, and slotted flaps of 
slnilar dinenslons have hoen .cpnparod with the present re- 
sults. 

It is hollevod that tho results are appllcahlo to 
airfoils of different thickness and t'o synnetrlcal or nod- 
oratoly can'borod airfoils of slnilar contour, ' Tho re- 
sults show that tho nornal-force coofficlonts for tho var- 
ious haldncod split-flap settings are gonorally slnilar to 
the valuos for the oxtornal-alrfoll flaj), the Towler flap, 
or. tho slottod flap. ■ 

■' ■ ■ ■ uTTEODiietibir 

'^he Ka'ti^l'onal Advisory Coriulttee for -Aeronautics has 
"been coi^duetlng an extenslVB investigation of air loads on 
pro'nlsing alrf oil-flap qoiiblnatiojiB. .One of the conhina- 
tlons is an' cvlrf.oll wlt.ti a. balanced -split flap. Aerodynamic 
'*'■ data for* a halnnced' spll't ' f lap on an airfoil -Jxava 'heen made 
available In references 1 and 2. Data for the structural 
design of an ezternaL!-;al.r£4Dll. jf lap.- a Powler flap* a plain 
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flnp, and several Blotted drid "splft" "flaps on. a'lr foils of 
vaiflouB thlekuess are. ,prje.Be]it.e.d z;eferxi.Jice8 3 to -8. Ho 
data* however* haV^e "been "pu'bl'lshd'd for 'tlie structural de<* 
sign of a. 'balanced. sj>ll^ ..fl^JP • ..7^,6'. pre a.e.nt- .report vas 
prepared to make a'v'alla'ble 'I'oad data 'o'btalned £zi a special 
Investigation by i^he NAOA of an airfoil vlth a lialanced 

split flap . ■' - ■ ■■;< 

She pressure-distribution data were obtained from 
tests. In the 4- "by .6-foQt, yprtlcal wind tunnel, of a 14 .l- 
percent-thick airfoil, with a ^brlariced s^llt flap having a 
chord of 22.1 percent ..of the airfoil chord. . The .test.s 
were mad'e at v'^rlpus angles of attack and flap deflections. 

f , ■ . ■ ■ . 

■ ■«•'•.*■ ■ ■ 

APPAHATUS kVm TIDSTS' 
Kodol 

She 5-foot chord' ."by 4-f'qot sjpan model of t'l^e alrfoll- 
flap cofflhlnatlon w{\s built', of laminated maho^anj;- and con- 
forned to the airfoil prqfile ^^iven" in ta-'ble 1 (fig. l) . 
/Ehe 'basic airfoil has a s^mia^trical profile 'behind the. 15- 
percent station .and has' some' cam'be'r ahaad of thiq station. 
Tho r.axluum ordir.ate is 14,1 porcont of the airfoil chord. 
!Eh3 airfoil profile is. an .j.ntcr^odiat.c section objbainod 
from a wing hnri^ig a s^mmotrlcal root' soc'tlon and a cam- 
berod tip section. Thje. a^ rf oil jujodol. has' a holloiw soctlon 
to accomnod'ato tha copper pressure tu'bes. . 

Tho fuli-opan. 'bdl.ahcod spilt flap has "a chord .of 7,95 
inches (22.1 potcent of airfoil chord; and conforms to a 
nodifiod ITACA 2309 airfoil section (fig. 1, ta"blc I). Tho 
flap is attached to the airfoil with notal fittings at 
each end that allow for ilup - deflections and positlous 
shown In figure 1. 

The airfoil and tho flap a're fitted with a sinjlo row 
of pressure orifices along tho i.iidspan section, dlstri'b- 
uibd chordwiso ns sh-own in ta'blo' II and figure 1. The 
pressure tubos aro brought out one end- of ' the model p.nd 
connected to a multiple- tube manometer 'that * records photo- 
graphically." . . 

■ ■ ' ■ ' ' ' . ■ . ■ ■ 

Test Installation 
The model was mounted in the closed test section of 
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the HAOA 4- "by 6— foot vertical wind tunnel (referenoea 8 
and 9)» Beoo/ase the model completely spanned the tunnel ex>- 
oept for 0mal'l'' &learanap.a at. Bach end, the eldea of the 
tunnel acted; a& end' p^latq^^ a.iid' 'appro3clm.a,tel7 two-dimensional 
flow was ' oT^tained;- ■ Q}orq,ua''-t-ur'be'0. attached. Vo- the; Iralanoo 
ffamo hold the model- rigidly and'also sej^ved ettf a conduit 
for the 'prBssufo j;uhos^ . Hie a&gle. of attack' was .'set .fr.om 
outsldo the tunn'elj ^y.f rota,'^.lng' the. tprque_ tut>eB with a 
callhrated electric drlvo, . . • 

■■• ■ ■n?6 flt"fr- : 

The teetB ware, .run' at; an average dynamic pressure of 
10*8 po*andB per square foot. Which. corre'spolxdB to an nlr 
speed of a'bout 65 miles per' hour- at. standard sea-level 
conditions. The effective tleynolds number' was a'bout 
3,410,000 and Is equal' to the test Reynolds 'Uumher multi- 
plied 'by 1.93, the tur'bulence factor for the 4- 'by 6-foot 
vertical tunnel. • - . 

The model was tested at- eight flap deflections from 
fully retracted to 45°; the doflootloHs 'a^nd the locations 
arc shown In figure 1, Theso toste wore'mado through an 
anglo-of-attack rango from -15° to 20° In 5° Increments, 
Vhon the modol was at a givbn angle of attack and flap 
sotting, .tlmo was allowed for condltlOEfb In tho tunnel and 
for tho manoQotor to "bo come sta'blo hoforo tho pressures 
wore recorded.' 

PBIS'SNTATIOIT 07 BAT A 
Pj:o.ssuro Curves 



All tho diagrams of proasuro over tho uppor"'and tho 
lower BurfaooB of the airfoil com'bi&atlon are plotted as 
prossuro ao'ef flcient a P whoro 




and 

p Btatic proaouFO at a point on airfolj,. 

Pq ■ atfitlc prossuro in froo "air' stream 

' 4 dynamic pressure of free air'atvoam 
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. '-..l'aon]Btrt&.. diagrams of" tlio pra.BSjiros: aTor.v.'1jJtL'o airfoil 
a|iA thp f lap- aro. jsIt.ou In, figure ». 2' to-. In JbJuOsO'flg- 
urpe -tiL-c- pro.-s.-sur.es over the al-rf oil ■.a^s.i.p.lO'it-a^;- ngri^l to 
thp .airfoljL phord-^nd- thO' proBBiDLroQi.- over tho flap aoro also 
pILottod noj^B^al to- tho airfoil cli.ord. .'but: a^.(mg the.-pro Ject- 
od flap chard aTor tho flup fully rotr:aoj;od. . . 



Ooeff Icients 

Tho pressure dlagrana were zieehanlcally Integrated to 
obtain data from which standard section ccefflclents were 
conputed. Vhere the term "flap alone" Is used) It refers 
to the fotces' on the flap In the presence- of the aaln por-« 
tlon of the airfoil, The- soctlon coeff leienta ■ are . defined 
as follows} 



el nornal-force coeff Iclent ■ of airfoil with flap '■ 

(^) 

Cy, nornal-f orce coef f lolent : of -f lip aloho ( — • 
■■ \q.9f /■:- 

Ojj pltchlng-nonont coefficient of airfoil with flap 
-ahout quartorxchord point of -airfoil v^^^ 'fl^'P 



fully retracted 



pltchlng-nonont coefficient xif 1?alancod flap alone 
ahoui; quart or- chord point '>sf flap ( — ^) 

c.p, eenter-of-presBure location of airfoil vlth flap In 
percent airfoil chord from leading. edge of airfoil 



[(0.2B . |a) loo] 



wher-e 

n normal force on airfoil with flap 

Uf normal JCorco on flap alouo normal to chord of flap 

m pitching moment of airfoil with flap* ahout quarter- 
chord point of airfoil 



mf pltohlng moment of.f],ap alone » aliout q,uarter-c]iord 
point of flap • ■ 

g. dynamic preseurb ' of - ffeo ~alx( stroa^n :(i p T^) 

or - ohcrd of. airfoil ylth f I9.P fully rotraoted 

....*'''.■'•■""■'■.".■ ■ ■ ■ . 

Of elLoTd': o;F flap; . oVer-^all- length ' of fikap- 

• . - ■ ' ■ • ■ * . 

and' ■ ' " ■ I . . . •■ . 

angle of attaie'lc for infinite' aepecsb ratio 

6'f angle of .flap deflection,' angle "betveon flap eUord- 
lino and airfoil chord line 



She coefficients for the com'blnatlon' were derlTOd 
from the normal forces alone, the chord forces of the. flap 
helng neglected.. Inasmuch as the m'odol completoly spafined 
the tost section, tho Intogratod rosults, which arc In co- 
offlciont form, may ho used as soctlon characteristics. 

Tiguros- 16 and 11 show tho soctlon' characteristics of 
tho airfoil-flap comhinatlon and of tho flap alone t ro- 
spoctivoly. • . 

Frocision 

No alr-flov allnomont tosts woro made in tho tunnol 
with tho tost arrangomont usod In.'tho prosonj invostiga- 
tion, Zho ahsoluto anglo of attaclc may, thoroforo, ho in 
error* hut tho relatlvo angles of attack of the modol arc 
accurate to within ±0.1°. iho flap ytaa sot at spocifiod 
angloQ to within ±0.6 . It is holiovod that tho individ- 
ual point . prosaurbs cro accurato- to within ahout diS ]i>oreent 
ozcopt at high angles of attack whorb tho o.rror. might ho as 
much as ±5 percent nt)ar tho alrfoir noso. She indl'Vldual 
froo— stream dynamic prossuros aro aocmrato to within ±1 
porcont. Xhe tunno.l-ro strict ion correction ezplalnod in 
rof oronco I'O has 'been' appll'od only to thQ:. normal-f oroo 
coofflolont of tho conhlnatlon. Xhls corroction, which 
tends to roduoo tho . magnitude 'of the proesurea, has not 
beon applied to. .the point- proaauroB'.' Iho -roaulta ahouldi 
therefore f ho conaorvati'Vo. 
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Discussion 

' • So ct 1*0x1' Fro 8 euro distribution 

'• .TUct pr-Q-dduro ' curvoB ( f IgB . 2 to 9) show tho dlstrlbu** 
t'lon of' load ovor tho^. uppor .r.n^"t]lo lowor surfacos of tho 
airfoil— -flap: dofflTj'liiat'ion for sovoral flap dofloctlons, 
Ihoso curves nay he usod Ifi- tho doiaign of rlhs of airfoils 
with flaps .and- majr .■ilso 'bb usod to show tho chango In dis- 
tribution of load ovor the airfoil as tho flap is dcfloct- 
od* Iho proBsuros over tbo uppor and tlia lowor surfacos 
of tho airfoil with j\ bmlr^nocd- split' flap differ from tho 
prossur^s ovcrr- du." ItACA' 133C12 airf oil_ i:i ccTabinati on with a 
Fowler or nn oitoraial-'iirifoll- flap '(tof oroncoo 3 and 4) in 
tho foil owing'- 'r-ah-aoTr: "El-.ojipofl: uobo Jprossuros r.ro higher 
on tho airfoil with- halanbba cpllt flap in t3iQ high anslo- 
of-attack range. The pressures ovor tho lowor surface of 
tho airfoil hn,ck of. the flap -nose' -l-n-6roa80 nogativoly and 
thiis doorotxss thb'-load carried -on -4ihat -oortlon of tho air- 
foil.., , ' ■• ■■ ■ 

The- nogp,tlvo" incroapb of the Idwor-Burf aco prossuros 
on thij airfoil "boiilnd bho fl.i,p no so explain* to sonc 0::- 
tont tho docroaso in lift cogrff IcSlont- when the flap is 
moved from tho ' tral-ilng bdgcf -Q-f. ^airfoil to tho posi- 
tion inv«sti°.^tod'. 

Tho prossuros ovor. tho. upper and tho lower surfacos 
of the balanced split flap' are sinilar to the pressures 
over an external-nirf oil . or a Fowlor flap on an NAGA'23012 
airfoil (reference's 3 and 4). In. the 'range of flap de- 
flections wharo" tho flap is not. s-te,llecti a large increase 
In peak pressure over .tlie .nose of . 'the flap was observed 
whisn tho Bain portion jof th« a4.r?.ol-l -s'tallod. At a flap 
dof}.oction of 45° the balance^ split flap was complotoly 
stalled for all angles" of attack* - - 

, . AorodynaDle Soctlo,n .Coefff cionts 

The section chanhctcriatlcs .of the combination aro 
shown in figure 10. . Tie' vaiuo of ' th'6 naxiaun nornal-f oroo 
coefficient for a" givoh flap . dofioc-tloh is' loss than the 
values roportod in rof o^rcnce..! fo*'a flap in the samo po»« 
Sition,. This decrease 'in norj^alr-f oroo coofflclont is 
■probably causod by tho difforonce in maxlcun norual-forco 
coefflclonts of tho plain airfoils. Because tho Incroaonts 



of angle of attack are large, no accurate comparison of 
maxlaum noroal-f orce coefficients Is possible. 



A comparison of the sect l.on-..ah:^racterlBtl08 of the 
flap at.one.(fig. 11) and of the cdmlilnation (fig. 10) 
ehovs tha^' the' Loa^ds on the flap huilt up more slowly than 
did the loadV on- .the .oosTblira't Ion. The Taluos for Or,« 

for the halanoed split '.flap at aeveral' ti^all' fl^ap .deflec- 
tion^; vorj^-ahout . the same as for the external~alrfo 11 . 
flap't th&' STpVl air;' flap, . and, .the slotted flap; hut., at large 
^lajf detractions' t^k'e' "tralu'es ' of c.q^^ frere less than the 

values for the other fiaps. I^hls result'. was expected 
becauae of the Interaction between the- lower durface cf 
the airfoil' and the. upper surface of the f !).ap , which 
tended to' 'd-e'or'Qase the load on the flap, in' the range of 
flap deflection in which the flerp is ncrt stalled, the 
Values, of Oq^ are coaparable with those of fhe external 

ai'rfoil, the Towlior flap, and tho slotted flaps. She ex- 
tension of the trailing odgo of, tho airfoil back of the 
flap noso apparently docreasos the effectiveness of the 
flap on the air flow about the airfoil, thus. causing a de- 
cro.ase J.-n' nor nal'- force coefficient f or- th e. arrangenont . 

Tho pitching aonohts for the balanced split flap at 
snail flap deflections wore generally lose than for. the 
Fowlor, tho slotted, or the eztornal-alrf oil flap, but 
tho balanced split flap gave ,tho highest flap pitching 
nonents at la.Tf:e flap d'of lections, when the flap was 
stalled. . ' . 

cozrcLm3iiir& sdiiares 

i 

. I.t, is believed that tho results of this investigation 
are appl'loable to ai.rfo.ll'S. of different thickness and of 
sinilar contour,' . Previously pu'bl.i shod' data for the slotted 
flap on twC airfoils of .different thioknc^'ss and -for the 
Towljer flap on two alrf oils, of tho sane thickness and dif- 
ferent .but -siail&r contours showod vary little change in 
pressure distribution with .a'ir.f.Oil thickness or with a 
.slight change In airfo.ll contour. 

" ■ ■ . ■ ' 

.It Bhould-.be- iLoted, however', that- the flap locations 
■given in t.hi b 'inve-stlgatia]! are not tho optinun, but a 
slight change in. the flap location should have only a 
slight effect on the pressure distribution. 

Langley Memorial Aer on^iutlcal' Laboratory, 

ITatlonal Advisory Gomnittoo for Aeronautics, 
Langloy Tleld, Ta. 
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TABLE I 

AIRTOIL Aim FLAP ORDIHASIS 
(All stations and ordlnatos in poroont vtng chord) 



Airfoil section 




•xTlap section 


DlfEllilOIl 


Upper 


Lower 




o uci u 1 on 


Upper 


Lover 


surface 


surface 




surface 


surface 


0 










0 


0 ■ 





1.25 


1.98 


-2.48 




.55 


,35 


-0 . 66 


3.5 


2.87 


-3.29 




1,10 


.63- 


•-,65 


5 


3.99 


-4.31 




2.31 


1.03 


* -.63 


7.5 


4.84 


-5.02 




3.31 


1.21 


-.62 


10 


5.45 


-5.54 




4,43 


1.36 


-.60 


ID 


6 .26 


—6.20 




5.53 


1.41 


— . DO 


20 


6.72 


-6.72 




6.62 


. 1.44 


-.55 


25 


6.97 


-6.97 




8.83 


. 1.40 


-.53 


30 


7,03 


-7.03 




11.04 


1.29 


-.47 


40 


6.80 


-6.80 




13.25 


1,12 


-.42 


50 


■ 6.21 


-6.21 




15.46 


.91 


-.30 


'SO 


5.34 


-5.34 




17.66 


.65 


-.21 


7p 


4.30 


-4.30 




19.87. 


.36 


» !L 2 


BO 


3,07 


-3,07 




30.98 


.19 


-.07 


90 


1.70 


-1.70 




32.08 






95- 


• 94 


-,94 










100 


.03 


-,03 










L.S 


. radius: 


3.23. 




L.S, radius: 


0.38. 


L.B. radius Is 0.35 "below 




L.Z. radius is 0.29 below 


chord line and slope is 




chord line. 




0.071. (See fig. 


1.) 
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TABLE II 

ORITICl -LOGATIOZrS OH XEZ AIBTOIL MTP BALAZTCED TLAP 



Wing 


J] 


ap 


Orlfloe 




Orlfloe 


iiocati on 




(percent Of) 


0 


0 


0 


0 


1 


1 •26 


1 


1.25 


2 


2 • 50 


2 


2.50 


m 

3 


o«00 


3 


5.00 


4 




4 


10.00 


5 


20.00 


5 


18.00 


e 

w 


SO on 


6 


30.00 


7 


40.00 


7 


45.00 


8 


50.00 


Q 

o 


62 . oO 


9 


60.00 


9 


72.50 


10 


70.00 


10 


82.50 


11 


^73. 00 


11 


92.60 


12 


^76. 00 






13 


^78.00 






14 


°80.00 






15 


*81.50 






16 


^85. 00 






17 


90.00 






18 


95.00 






19 


98.00 







^Lover surface only. 
Upper Burface only. 



HACA 



Fig. 11 



a. 4 
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llornal-force coefficient of combination, Cq 
Figure 11.- Section characteTlstlca of the balanced flap. 
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